Objective: Short insertion-deletion polymorphisms (indels) are the second most abundant form of genetic variations in humans after SNPs. Since indel alleles differ in size, they can be typed using the same methodological approaches and equipment currently utilized for microsatellite genotyping, which is already operational in forensic laboratories. We have previously shown that a panel of 40 carefully chosen indels has excellent potential for forensic identification, with combined probability of identity (match probability) of 7.09 × 10 -17 for Europeans. Methods: We describe the successful development of a multiplex system for genotyping the 40-indel panel in long thin denaturing polyacrylamide gels with silver staining. We also demonstrate that the system can be easily fully automated with a simple large scanner and commercial software. Results and Conclusion: The great advantage of the new system of typing is its very low cost. The total price for laboratory equipment is less than EUR 10,000.-, and genotyping of an individual patient will cost less than EUR 10.-in supplies. Thus, the 40-indel panel described here and the newly developed 'low-tech' analysis platform represent useful new tools for forensic identification and kinship analysis in laboratories with limited budgets, especially in developing countries.
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In the present article we describe the successful development of a simple multiplex system for genotyping the 40-indel panel in long thin denaturing polyacrylamide gels with silver staining, which can be highly useful as a low-cost adjunct to the more technologically complex fluorescent typing of the same loci in automatic DNA sequencers. We also demonstrate that the system can be easily fully automated with a simple large scanner and commercial software.
Material and Methods
Populations Studied DNA samples from 1,044 individuals were obtained from HGPD-CEPH Human Genome Diversity Cell Line Panel [11] . The individuals had been sampled across all five continents and assigned to 52 different populations from seven regional groups (Africa, Europe, Middle East, Central Asia, East Asia, Oceania, and America).
DNA Analysis
DNA from each individual was independently typed for the 40 diallelic short indels listed in table 2. PCR amplification in four multiplex reaction and electrophoretic analyses in a MegaBace 1000 sequencer (Applied Biosystems, Carlsbad, CA, USA) or an ABI 3130 Genetic Analyzer (Applied Biosystems) were performed exactly as described previously [3, 4] . A representative run is shown in figure 1 .
For analysis in long polyacrylamide gels and silver staining, four modified multiplex amplifications were used using the primers listed in table 2. The amplification reactions were performed in a volume of 9 l containing 2mmol/l dNTPs, 1.4mmol/l MgCl 2 , 1.5 U of Taq Polymerase Platinum (Invitrogen, Foster City, CA, USA), and primer mixes (table 2) in a 20 mmol/l Tris-HCl buffer, pH 8.4, containing 50 mmol/l KCl. After an initial 5-min denaturation at 95 ºC we used a 10-cycle step-down protocol from 60 ºC to 51 °C, with elongation at 72 ºC for 2 min and denaturation at 94 ºC for 1 min followed by 28 cycles of 95 ºC, 50 ºC and 72 ºC and a final extension step at 72 ºC for 10 min.
Introduction
In the past few years, several million short insertion-deletion polymorphisms (indels) have been described in the human genome -they are the second most abundant form of genetic variation in humans after SNPs [1] . The typing of SNPs, which depends on qualitative base identification, is best done by microarray hybridization, which requires complex equipment that is not generally available in forensic laboratories. On the other hand, indel alleles differ in size and can be typed using the same methodological approaches and equipment currently utilized for microsatellite genotyping, which is already operational in paternity laboratories.
In 2002, Weber et al. [2] characterized 2,000 human diallelic short indels in the human genome. Among them, we identified 40 polymorphisms that fulfilled the following criteria: widespread chromosomal location, increasing amplicon sizes to allow multiplex analysis, and allele frequencies close to 0.50 in the European population [3] . We have shown that this set of 40 carefully chosen indels was sufficiently informative for an adequate characterization of human population structure at the global level [3] . Moreover, we demonstrated that the excellent resolution power of these markers in discriminating among Europeans, Africans, and Amerindians could be used in the analysis of the ancestral roots of the Brazilian population in more than 1,000 individuals [4, 5] and in pharmacogenetic studies [6] .
During these studies it became clear that our 40-indel panel also had excellent capacity for individual identification, with combined probability of identity (match probability) of 7.09 × 10 -17 for Europeans [7] . Extremely low match probabilities were likewise observed for other geographical regions (table 1) .
We explored further the potential application of the 40-indel panel in forensic studies by genotyping the markers in 360 unrelated self-classified White Brazilians and 50 mother-childprobable father trios with proven paternity [8] . The average heterozygosity (gene diversity) per locus was 0.48, and the combined probability of identity (matching probability) for the 40-locus set in Brazilian individuals self-classified as Whites was 3.48 × 10 -17
. For paternity testing, the combined power of exclusion of the indel panel was 0.9997. The geometric mean of the paternity indices of the 50 mother-child-probable father trios was 17,607. Thus, especially because it is composed of genomic markers that have very low mutation rates, it represents a useful new tool as adjunct to routine microsatellite multiplex sets in human paternity testing. Other groups have also had good results in developing informative panels of insertion/deletion polymorphisms for forensic use [9, 10] .
Developing countries such as Brazil constitute technological mosaics. Thus, while forensic services in some regions of the country have state-of-the-art laboratories, in other poorer regions they may lack budget for the large expenses involved in purchasing and operating equipment such as fluorescent After silver staining, the gel was dried at room temperature still attached at the glass plate overnight, was digitalized in a Kodak i1210 Plus Scanner (46.5 cm × 31 cm; Eastman Kodak, Rochester, NY, USA), and then was analyzed with the software UN-SCAN-IT gel version 6.1 (Silk Scientific, Orem, UT, USA), which converts the gel image to an electropherogram. The peaks of the electropherogram were inspected visually and adjusted when needed; finally their mobility was listed in a table that was exported in text format. A proprietary program (Sysgene) was writThe acrylamide/biscrylamide gels (T = 6%, C = 5%) contained 7% urea in TBE buffer (50 mmol/l Tris / 82 mmol/l borate / 1 mmol/l EDTA). Samples were denatured in a 95% formamide in 10 mmol/l NaOH containing 12.5% sucrose and bromphenol blue and xylene cyanol tracer dyes. The run was in TBE at 45 W until the xylene cyanol marker reached 19 cm before the end of the gel. Silver stain was performed with the gel attached at the glass plate according to the same PROMEGA technical manual [12] . TTCCTCTTTTGCCTTTCC  CCCATTTTGGTAAAACCAGT  154-157  rs140759  TCAATCATTTAAGGCAGTATTTT  TGGTTGAGAAAAGAAGAGAAATA  175-179  rs16394  ATCATGTCATTTCACCTGTAAAT  TGTGGCCTTTGTTTGAATC  186-190  rs3917  TTTAATTTTTCTGCTTGCCC  GAATGTTGATGGTGCTAGAAGA  243-250   Multiplex 3   rs2308144  CAGCATTAGTCATGACCACC  GCTGCAAGAGAATGTGATCT  80-83  rs1610874  CAGTGCAGGGAGCTCAGA3'  CACTTAAAATTCAAATCCATTGC3'  89-93  rs2308135  ATTCGATCTTATGACCGTGA  AAGAGAAGCAAGGGAAAGAG  94-97  rs2307782  GTTATGTGGGCAGTGTTTTC  CCACAGAAGGCTCAGTCTTA  103-109  rs2067180  CAGATGACACAGTTGACCTTC  CCTGGTTCTGATCCAAACTA  121-125  rs16715  TTGCAATTTGAGTGTGTCAG  TGAAAGCAACTCTTCTCGTC  140-146  rs16438  GTAACAATGAGGGGCACA  GAGCACTACAGCCTTTTATTGA  157-162  rs1611084  AGGTTAAGTCGACCTGGATAA  AATTCACTGTGAATGAAACCA  183-186  rs2308057  AGGTGAAGTATTGCCTGCAT  GTGGGACCATGGACCAGAG  204-208  rs2308043  TGCAAGAAACAACCCTCACA  CACCACCCAATTTGCTACCT  254-263   Multiplex 4   rs2067217  GGCCTTAGCAATGGAGTAGGA  TGGGCTGAGCATTCTGTTAGG  88-95  rs140757  GGACACACTTTTGTTTGTTTG  AGCTTACATAGGCATGCAAC  111-115  rs1610997  GTCGAGGCTGTGATAGTGAG  AAGTCTCTTAGTGCAGGGGT  121-124  rs2307850  GTAATAGCCCCATTAGGGAG  AAATGGAGGTTAAATGGCTT  134-138  rs140709  TCTTCACCATCAAAGAGTCTTC  CCAAGGAAAAATTATTTAAGGAG  185-188  rs1610942  TTGTTGCCTATGTGGGGAAT  CCTCAAAGTCAACTGAGGAA  204-206  rs2067188  CCAAAAAGGAGGGAAAGTC  CAGCATCAAAGGCACACACT  253-272  rs4181B  TTGTGGCACAGCTGCATTA  TGTTAAATTAATGTAGCCTGCC 
Data Analysis
Basic statistics and histogram were obtained using the program MedCalc (MedCalc Software, Mariakerke, Belgium).
Results and Discussion
This set of 40 indels was previously validated as useful in ancestry estimation through the study of the HGDP-CEPH Diversity Panel, which is composed of 1,064 individuals from 52 different worldwide populations distributed in seven geographical regions [11] . The individual results have been deposited in the CEPH Genotype Database (www.cephb.fr/en/ hgdp/main.php), from which they are available. Such study was performed using PCR amplification with fluorescently labeled markers and automated analysis in a MegaBace 1000 DNA sequencer as described previously [3] .
In this article we describe the development of a new 'lowtech' platform for obtaining the genotypes at the 40-indel panel using simple and inexpensive long thin denaturing polyacrylamide gels with silver staining (fig. 2) . Following a work-intensive phase in which the gels are prepared, run, and stained, the actual analysis of the gels and reading of the genotypes can be obtained quickly and effortlessly using the automation with a simple large scanner, application of a commercial software to convert the gel bands into an electropherogram, and finally the use of a simple proprietary software to obtain the genotypes ( fig. 3) . Thus, the 40-indel panel described here and the newly developed 'low-tech' analysis platform represent useful new tools for forensic identification and kinship analysis in laboratories with limited budgets, especially in developing countries. system by comparing the genotypes of 50 individuals in both platforms. The results were 100% concordant for all samples.
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